ABSTRACT: The Black-tailed Rattlesnake (Crotalus molossus Baird and Girard, 1853) is a wide-ranging species complex with representatives from the southwestern United States through the highlands of central and southern Mexico. The systematics of this group has received little attention and in the past six decades only two taxonomic changes have been proposed (the transfer of C. basiliscus oaxacus to C. molossus and the elevation of C. m. estebanensis to full species). However, a recent revision of the Neotropical Rattlesnakes (C. durissus and C. simus) recovered a polyphyletic C. molossus. We sequenced data from three mitochondrial genes (ATPases 8 and 6, cyt b, and ND4) and three nuclear genes (c-mos, EXPH5, and RAG1) to examine phylogenetic relationships among C. molossus lineages and the closely related species C. basiliscus and C. totonacus. Results recovered strong support for two deeply divergent northern C. molossus lineages that are morphologically distinct. Biogeographical patterns and divergence dates inferred from mitochondrial data suggest the diversification of C. molossus is the result of a Neogene vicariance event associated with uplift of the Sierra Madre Occidental. Population-level analyses suggest that major lineages of C. molossus have been stable since their initial divergence. On the basis of morphological and molecular evidence we resurrect the name Crotalus ornatus Hallowell, 1854 for Black-tailed Rattlesnake populations in the Chihuahuan Desert and central Texas, USA.
THIRTY-FIVE species of Crotalus (Alvarado- Díaz and Campbell, 2004; Wü ster et al., 2005; Quijada-Mascareñ as and Wü ster, 2006; Douglas et al., 2007; Beaman and Hayes, 2008; Campbell and Flores-Villela, 2008 ) occupy a range from southern Canada through the continental United States to western Costa Rica and South America east of the Andes (Campbell and Lamar, 2004) . The phylogenetic position of the rattlesnakes within the Viperidae is stable, with the genus Agkistrodon consistently placed as sister to the rattlesnakes, and monophyly of the group is supported by both morphological and molecular evidence (e.g., Parkinson et al., 2002; Campbell and Lamar, 2004; Castoe and Parkinson, 2006; Wü ster et al., 2008; Meik and Pires-daSilva, 2009 ). The genus Crotalus reaches its greatest diversity in the vicinity of the Mexican plateau and adjacent mountain ranges. This region of central Mexico is generally viewed as the origin of the rattlesnakes (Murphy et al., 2002; Campbell and Lamar, 2004; Place and Abramson, 2004) , a hypothesis supported by the basal position of many of the species groups that currently occupy the region, including C. polystictus, C. ravus, and C. triseriatus (Klauber, 1972; Murphy et al., 2002; Castoe and Parkinson, 2006) .
Though not fully resolved, there has been little contention regarding phylogenetic relationships within Crotalus. By and large, similar clades and topologies are recognized across multiple morphological and molecular studies (e.g., Klauber, 1972; Murphy et al., 2002; Campbell and Lamar, 2004) . However, the application of modern molecular techniques has demonstrated deep divergences within species complexes (e.g., Pook et al., 2000; Ashton and de Queiroz, 2001; Douglas et al., 2002) and in some cases, identified them as paraphyletic or polyphyletic (e.g., Wü ster et al., 2005) . Amid the recent push to eliminate the outdated subspecies classification (Collins, 1991) , several large species complexes within Crotalus have received a great deal of attention. A review of C. mitchellii by Douglas et al. (2007) resulted in the authors arguing for the elevation of C. mitchellii stephensi to species status. Concurrent phylogeographic analyses of C. viridis (Pook et al., 2000; Ashton and de Queiroz, 2001; Douglas et al., 2002) resulted in the reclassification of the C. viridis species complex into three species (Beaman and Hayes, 2008) . Additionally, taxonomic arguments by Campbell and Lamar (2004) , Savage et al. (2005) and Quijada-Mascareñ as and Wü ster (2006) , and phylogeographic evidence presented by Wü ster et al. (2005) have resulted in the elevation of four lineages of the Neotropical Rattlesnakes (C. durissus) to species status. The latter study also identified incongruence between the taxonomy and phylogenetic relationships of the Black-tailed Rattlesnakes (C. molossus), suggesting the group likely represents a species complex.
Crotalus molossus Baird and Girard, 1853, commonly known as the Black-tailed Rattlesnake, is a wide-ranging complex of four subspecies (Fig. 1) . The southernmost taxon C. m. oaxacus Gloyd, 1948 occurs in Oaxaca and southeastern Puebla, Mexico, C. m. nigrescens Gloyd, 1936 ranges from Michoacán and northern Puebla through much of central Mexico as far north as west-central Chihuahua, C. m. estebanensis Klauber, 1949 (elevated to a full species by Grismer, 1999) occurs only on Isla San Esteban in the Gulf of California, and C. m. molossus Gloyd, 1936 ranges from the Mexican states of Sonora, Chihuahua, and Coahuila to central Texas, New Mexico, and Arizona, USA (Campbell and Lamar, 2004) . Throughout this wide geographic range, the Black-tailed Rattlesnake is a habitat generalist with a strong affinity for rocky terrain, and is often found in or near canyons, cliffs, or talus slopes. Elevation records range from near sea level to 2930 m. Plant associations vary from pine-oak (Pinus and Quercus spp.) and tropical dry forests to mesquite grassland, and occasionally Creosotedominated (Larrea tridentata) deserts Lamar, 1989, 2004; Degenhardt et al., 1996; Werler and Dixon, 2000) .
Previous research on C. molossus has focused on ecology (Beck, 1995; Greene et al., 2002; Mata-Silva et al., 2012) , physiology (Beaupre, 1993) , and toxinology (Chen and Real, 1997) , but systematics of the species has received comparatively little attention. Moreover, general phylogenetic studies of rattlesnakes have either not addressed species closely allied with C. molossus (e.g., Pook et al., 2000; Ashton and de Queiroz, 2001; Douglas et al., 2006 Douglas et al., , 2007 Castoe et al., 2007) , or have focused on large-scale relationships between many taxa (e.g., Murphy et al., 2002; Castoe and Parkinson, 2006) . Several hypotheses regarding the phylogenetic position of the Black-tailed Rattlesnake have been suggested. Gloyd (1940) recognized a group that included Crotalus basiliscus, C. durissus, C. horridus, and C. molossus. A well-regarded morphological study by Klauber (1972) identified C. m. oaxacus as a subspecies of the Mexican West-coast Rattlesnake (C. basiliscus), and placed C. molossus as sister to the Timber Rattlesnake (C. horridus) based on the shared presence of a vestigial left lung. Murphy et al. (2002) inferred C. basiliscus and C. molossus as sister taxa based on five mitochondrial genes. Campbell and Lamar (2004) presented a consensus phylogeny for the American pitvipers, grouping C. basiliscus and C. molossus in a clade with the Neotropical Rattlesnakes (C. durissus, C. simus, and C. totonacus) and C. enyo; this conclusion was largely based on the results of Murphy et al. (2002) . The latest available phylogeny that includes most of the recognized members of Crotalus (Castoe and Parkinson, 2006) inferred a similar relationship between C. basiliscus, C. enyo, C. molossus, and the Neotropical rattlesnakes. To date, no thorough phylogenetic study of any member of the C. molossus complex has been completed.
One recent contribution (Wü ster et al., 2005) to the systematics of the Black-tailed Rattlesnakes came from a review of the Neotropical rattlesnakes (C. durissus and C. simus), which is a species complex closely related to C. molossus. The latter study incorporated several C. molossus samples from the three mainland subspecies. The results of this two-gene analysis recovered a weakly supported, paraphyletic C. molossus species complex, and moreover, the nominate subspecies (C. m. molossus) was recovered as polyphyletic with very low support (Fig. 2) . A well-supported clade including C. basiliscus, C. totonacus, and the three mainland subspecies of C. molossus were placed as sister to the Neotropical group (C. durissus and C. simus). Within this clade, C. m. nigrescens was inferred as the basal member of the C. molossus group (C. m. molossus, C. m. nigrescens, C. m. oaxacus, and C. estebanensis). A C. totonacus and eastern C. m. molossus clade was assigned as sister to a C. m. oaxacus and C. basiliscus-western C. m. molossus clade. Both phylogenies presented by Wü ster et al. (2005) display similar topologies and similarly weak support between eastern and western populations of C. m. molossus and their relationships to C. basiliscus and C. totonacus. Herein, we examine the phylogeography, biogeography, and taxonomy of northern populations of C. molossus, and suggest taxonomic revisions to reflect the true diversity of the group.
MATERIALS AND METHODS
Specimen Acquisition Twenty-eight blood and tissue samples, representing 21 localities throughout the range of C. molossus in the United States, and an additional 13 outgroup samples, were obtained from the herpetology collection at the University of Texas at El Paso (UTEP). The University of Texas at Arlington Department of Biology (UTA) provided samples of C. m nigrescens. Additional sequence data for C. m. molossus, C. m. nigrescens, C. totonacus, and C. basiliscus were taken from GenBank and are indicated in Appendix I. Blood and tissue samples collected for this study were preserved in 95% ethanol, whereas whole specimens were preserved with 10% buffered formalin and maintained for long-term storage in 70% ethanol.
DNA Extraction, Amplification, and Purification
Genomic DNA was extracted from blood and tissue samples with the Qiagen DNeasy Blood and Tissue Kit (Valencia, CA). Three mitochondrial (mtDNA) sequences were amplified using primers specified in Table 1 . Mitochondrial genes cytochrome b (cyt b), NADH dehydrogenase subunit 4 (ND4), and ATP synthase subunits 8 and 6 (ATPases 8 and 6), were selected because of their utility in previous studies that investigated systematics of the Viperidae (e.g., Arévalo et al., 1994; Pook et al., 2000 Pook et al., , 2009 Douglas et al., 2002 Douglas et al., , 2006 . ATPases 8 and 6 exist on a contiguous mitochondrial sequence and a reading frame shift allows the 59 end of ATPase 6 to slightly overlap the 39 end of ATPase 8 (Dovč and Hecht, 1995; Lovette et al., 1999; Joseph et al., 2004) . Because ATPases 8 and 6 are present on a contiguous sequence, we treat them as a single gene. The nuclear genes recombination activating protein-1 (RAG1, Wiens et al., 2008) , oocyte maturation factor (c-mos; Lawson et al., 2005) , and exophilin 5 (EXPH5, Portik et al., 2010 Portik et al., , 2012 were chosen for their previous use in fine-scale phylogenetic analyses of squamates and potential usefulness in addressing phylogeographic relationships. Amplification was completed using a denaturation temperature of 95uC (initial denaturation period of 2 min; subsequent steps were 35 s in duration), annealing at 50uC for 35 s, and extension at 72uC for 95 s with 4 s added to the extension per cycle for 32 (ND4 and cyt b) and 34 cycles (nDNA genes). Amplification of ATPases 8 and 6 was accomplished in 34 cycles using similar cycle parameters, except that the annealing temperature was 46uC for 35 s. Amplicons from PCR were visualized with 1.5% agarose gel electrophoresis, and samples were purified following standard protocols for Agencourt AMPure XP (Beckman Coulter, Brea, CA).
Sequencing of forward and reverse strands of PCR products was executed with an ABI 3700xl capillary DNA sequencer at the UTEP DNA Core Facility. Chromatograph data obtained from sample contigs were interpreted in the program SeqMan (Swindell and Plasterer, 1997) . The generally conservative nature of the genes used in this study allowed preliminary alignment to be done by eye, and the program MacClade v4.08 (Maddison and Maddison, 2000) was used to translate sequences to amino acids to ensure accuracy of the reading frame and to confirm that stop codons were not present in the data. GenBank accession numbers for sequence data used in this study are provided in Appendix I.
Phylogenetic Inference
Sequence data were analyzed using maximum-parsimony (MP), maximum-likelihood (2005) . Support values at nodes are Bremer support/maximum parsimony bootstrap/maximum likelihood bootstrap/ Bayesian posterior probability. ns 5 no support.
(ML), and Bayesian inference (BI) methods in PAUP* 4.0b (Swofford, 2002 ), RAxML v7.2.6 (Stamatakis, 2006 , and MrBayes v3.1 (Ronquist and Huelsenbeck, 2003) , respectively. The MP analyses were conducted using a heuristic search algorithm with 25 randomaddition replicates, accelerated character transformation, and tree bisection-reconnection branch-swapping. Zero-length branches were collapsed to polytomies. Node support was assessed with 1000 nonparametric bootstrap pseudoreplicates (Felsenstein, 1985) . Maximum-likelihood analyses of single-gene and combined data sets were performed with the GTRGAMMA model in RAxML v7.2.6 (Stamatakis, 2006). Pairwise partition homogeneity tests were conducted in PAUP* 4.0b with 100 replicates, and gene trees were examined for marked incongruence prior to concatenation of data sets. Partitions were assigned by codon position in single-gene data sets, and by gene and codon position in combined-gene data sets. Maximum-likelihood analyses were initiated with random starting trees and utilized the rapid hillclimbing algorithm (Stamatakis et al., 2007) . Support for clades inferred by ML analyses was assessed with the rapid bootstrap algorithm with 1000 replicates (Stamatakis et al., 2008) .
Bayesian inference analyses were conducted in MrBayes v3.1 (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003) for single-gene and combined data sets. Prior to BI analyses, the most appropriate evolutionary model for each codon position was determined with the Akaike information criterion implemented in the program jModelTest (Posada, 2008) . Prior to Bayesian inference, the data sets were partitioned by codon position (single gene) or by gene and codon position (combined data sets), and the evolutionary model inferred by jModelTest was specified for each partition (Brandley et al., 2005) . Lemmon and Moriarty (2004) demonstrated that choosing an underparameterized substitution model could strongly bias estimations of branch length, posterior probabilities, and other model specifications important for correct phylogenetic inference. Likewise, use of an overparameterized model will result in imprecise estimations of branch lengths. Therefore, when the best model suggested by jModelTest could not be implemented in MrBayes, the next most complex model was chosen. Probability distributions were assessed with parallel Markov chain Monte Carlo (MCMC) searches in which four Markov chains were run with default priors, a temperature of 0.05, and initiated from randomly generated starting trees. Two MCMC searches were run for 10,000,000 generations to ensure that independent runs had converged on the same topology, and trees were sampled every 1000 generations. Are we there yet? (AWTY; Nylander et al., 2008) was used to verify that convergence had been reached. As outlined by Brandley et al. (2011) , the ''cumulative'' command in AWTY was implemented to construct the posterior probability plots that were examined for stationarity of split frequencies. This procedure was repeated at least four times to reduce the probability that local optima were (Rambaut and Drummond, 2010) .
Genetic Divergence and Monophyly Tests
In order to examine genetic diversity within and among lineages of the C. molossus group, specimens were assigned to groups based on their position in phylogenetic analyses. Groups specified for analysis were restricted to geographically distinct and well-supported clades. Sequence divergence was estimated within and among these groups by using uncorrected pairwise (p) distances calculated in MEGA v5.0 (Tamura et al., 2007) . Monophyly of C. molossus was tested using the Shimodaira-Hasegawa (SH) and approximately unbiased (AU) tests in CONSEL v0.1i (Shimodaira and Hasegawa, 2001; Shimodaira, 2002) . This was accomplished by constraining the phylogeny of C. molossus to be monophyletic; likelihood scores were then calculated in RAxML and values from the constraint tree were evaluated against those of the preferred tree with CONSEL.
Population and Geographic Structure Analyses
Haplotype median-joining networks were constructed from mtDNA and EXPH5 data sets with the program NETWORK v4.600 (http://www.fluxus-engeneering.com; Bandelt et al., 1999) . Because sequence divergence was low among individuals and clades, haplotype networks were not constructed from the c-mos or RAG1 data sets. Given the high degree of divergence and strong support for clades, separate haplotype networks were constructed for the eastern and western C. molossus lineages with the mtDNA data set (weights 5 10 and e 5 0). Samples missing large sections of sequence data were not included in NETWORK analyses. Genetic diversity within and among geographical clades recovered by phylogenetic inferences was calculated for the mtDNA data set and individual nDNA genes in ARLEQUIN v3.5 (Excoffier and Lischer, 2010) . ARLEQUIN was also used to conduct a hierarchical analysis of molecular variance (AMOVA; Excoffier et al., 1992) . The AMOVA was used to infer the most probable configuration of geographical clades by analyzing various combinations of 2-7 groups that corresponded to the geographical hierarchy recovered in our phylogenetic analyses. The most parsimonious combinations of geographical clades were those that maximized variation among groups (F CT ) and were statistically significant (Zhang et al., 2010) . Population expansion was assessed in ARLEQUIN with Fu's Fs and Tajima's Dtests of neutrality (Fu, 1997) , and mismatch distribution estimates (for clades with adequate sampling). Mismatch distributions test for sudden population expansions based on a raggedness index calculated for observed data points around a simulated curve. Rogers and Harpending (1992) demonstrated that under an infinite-sites model, the mismatch distribution exhibited by populations that have undergone recent expansion will be smooth or unimodal, whereas populations that are stable will exhibit a ragged or multimodal distribution (Harpending, 1994; Harpending et al., 1998) .
Divergence Dating
Divergence dates were estimated from cyt b and ND4 data sets with a Bayesian relaxed molecular clock in the program BEAST v1.6.1 (Drummond and Rambaut, 2007) . This method infers divergence dates based on known node constraints (e.g., fossils, mutation rate, or the formation of a biogeographic barrier) specified prior to analysis (Drummond and Rambaut, 2007) , while allowing substitution rates to vary among branches . Divergence dates were estimated with a Yule process speciation-tree model, uncorrelated lognormal clock, and node constraints obtained from the fossil record with lognormal distributions. Tree models were linked for analyses, but substitution and clock models remained unlinked. Preliminary analyses using site models specified for Bayesian analyses resulted in effective sample size (ESS) values ,200. Consequently, the model parameters GTR+G and GTR+I+G were specified for cyt b and ND4, respectively. Markov chain Monte Carlo analyses were run four times, each for 20,000,000 generations with samples retained every 1000 generations to ensure ESS values .200 in each run. The four independent runs were combined in LogCombiner v1.6.1 (Drummond and Rambaut, 2007) for analysis in Tracer v1.5 (http://tree.bio.ed.ac.uk/software/tracer/) to confirm stationarity, convergence, and stability of MCMC runs.
Two fossil calibrations were used, including the basal divergence within the crown clade Agkistrodon and the minimum age of Sistrurus estimated from fossil evidence presented by Holman (2000) and Parmley and Holman (2007) , respectively. Sequence data for four outgroup taxa (A. contortrix, A. piscivorus, S. catenatus, and S. miliarius) were obtained from GenBank for use as clock calibration references (Appendix I). Previously used calibration constraints for A. contortrix and Sistrurus were modified from Bryson et al. (2011) . The basal divergence in Agkistrodon was constrained to the middle Hemphilian North American Land Mammal Age (NALMA) with a 95% Posterior Confidence Interval (PCI) of 6.50-8.02 million years ago (mya). These constraints place the initial divergence within Agkistrodon at or prior to the first appearance of A. contortrix in the fossil record. The minimum age of Sistrurus was constrained with a zero offset of 9 mya, a lognormal mean of 0.01, and a standard deviation of 1.0, placing the split between Sistrurus and Crotalus prior to the oldest fossil identified as Sistrurus from the beginning of the Clarendonian NALMA (95% PCI 5 9.2-14.2 mya). These constraints reflect the relatively poor fossil record for viperid snakes in North America.
Morphological Analyses
The morphological assessment consisted of 6 Crotalus totonacus, 2 C. basiliscus, and 6 of 101 specimens from the C. molossus group (99 C. molossus, and type material of C. molossus, C. ornatus, C. m. oaxacus, and C. m. estebanensis) representing populations from throughout the known geographic range of C. molossus. Localities and collection data for examined specimens are presented in Appendix II. Each specimen was assigned to one of five lineages (eastern molossus, western molossus, nigrescens, C. basiliscus, or C. totonacus) based on results inferred from our phylogenetic analyses, collection data associated with the specimen (e.g., locality and preliminary identification by the collector), and diagnostic characters for previously recognized taxa in the C. molossus group (Gloyd, 1936 (Gloyd, , 1948 Klauber, 1949 Klauber, , 1972 .
Characters examined herein were chosen from previous morphological investigations of Colubroidean snakes (LaDuc and Johnson, 2003; Devitt et al., 2008) , and were identified as either highly variable in the C. molossus group (Klauber, 1972; Lamar, 1989, 2004) , or used in the diagnosis of C. m. nigrescens by Gloyd (1948) . All mensural data were collected with a digital caliper under a dissecting microscope and rounded to the nearest 0.1 mm. Snout-vent (SVL) and tail length (TL) were measured with a metric ruler and rounded to the nearest 1.0 mm. The type specimens of C. molossus and C. ornatus are preserved as skins with the head and tail attached. Consequently, SVL was estimated based on ratios of head length to SVL and TL to SVL for these specimens. Because of damage to some specimens (including type material), it was not possible to collect a complete data set for some individuals. Therefore, mensural, meristic, and qualitative characters were assessed on the right side of the head only.
Data recorded by author CGA from each specimen included 21 mensural, 16 meristic, and 2 qualitative characters: SVL; TL; head length (HL); head width (HW)-measured at the widest point of the head; naso-ocular distance (NOD); interocular distance (ID); internasal distance (INAS); rostral scale height (RH); rostral scale width (RW); mental scale height (MH); mental scale width (MW); chin shield length (CSL); chin shield width (CSW); upper preocular scale height (UPH); upper preocular scale length (UPL); lower preocular scale height (LPH); lower preocular scale length (LPL); prefrontal scale length (PFL); prefrontal scale width (PFW); supraocular scale length (SOCL); supraocular scale width (SOCW). Meristic data included the following: number of ventral scales (VENT)-following the method proposed by Dowling (1951) ; subcaudals (SCDL); internasals (INAS); prefrontals (PFRO); loreals (LOR); intersupraoculars (ISO)-assessed as the fewest number of scales between supraoculars posterior to the frontals; supralabials (SU-PRA); infralabials (INFRA); foveals (FOV); subfoveals (SFOV); prefoveals (PFOV); number of dorsal blotches (DBLOT); number of fused dorsal blotches (FDBLOT)-counted as the number of dorsal blotches connected by at least one scale row; dorsal scale row counts at the neck, midbody, and one head length anterior to the vent (DSRN, DSRM, and DSRV, respectively). Qualitative characters were postrostral scale (POSTROST)-presence or absence, and contact (present or absent) between the prenasal and first supralabial (PRE-SUP).
Mean, standard deviation and range of meristic and mensural characters were calculated for eastern and western C. molossus lineages, and a pairwise comparison of means (one-way ANOVA) was conducted on these data. To eliminate the effect of size, an analysis of covariance (ANCOVA) with snout-vent length as the covariate was conducted on the mensural data set. One-way ANOVA and ANCOVA of mensural data were conducted separately for males and females. Meristic and mensural data sets were partitioned by taxon. Principal components analyses (PCA), conducted in Minitab 17 (MinitabH Statistical Software, State College, PA), were used to identify patterns of variation in the data that may be useful in assigning specimens to lineages identified in phylogenetic analyses. All analyses used the covariance matrix. To eliminate the effects of sexual dimorphism and size on mensural characters, PC analyses were conducted separately on adult male and female data sets using the residuals obtained from the ANCOVA. The meristic data set was assessed with PC analyses of both raw and standardized data. Sexually dimorphic characters (VENT and SCDL) did not influence the delineation of taxonomic groups, and the meristic data set was not partitioned by sex.
Our taxonomic decisions follow the General Lineage Concept of species (de Queiroz, 1998 (de Queiroz, , 1999 . Under the Evolutionary Species Concept (Simpson, 1961; Wiley, 1978) and its more recent incarnation, the General Lineage Concept, a species is a lineage with an evolutionary path that is distinct from other lineages. Furthermore, the General Lineage Concept simplifies species delineation by removing the prerequisites (e.g., morphological distinctness, reproductive isolation, or ecological divergence) that had to be met under previous species concepts, and only requires that a species be evolving separately from other lineages.
RESULTS

Phylogenetic Analyses
Three mtDNA genes (ND4 5 678 base pairs [bp] ; cyt b 5 728 bp; ATPases 8 and 6 5 637 bp) were analyzed for 36 samples of C. molossus. Because some samples were degraded, only 23 C. molossus samples were amplified for three nDNA genes (RAG1 5 926 bp, 12 variable sites; c-mos 5 570 bp, 18 variable sites; EXPH5 5 770 bp, 39 variable sites). Samples of C. m. nigrescens failed to amplify for all nDNA genes and only sequences of cyt b and ND4 for C. totonacus and C. basiliscus were available from GenBank. In spite of this missing data, these taxa were included in analyses of the six-gene data set (ND4; cyt b; ATPases 8 and 6; RAG1; c-mos; EXPH5), because the placement of taxa that are missing a significant portion of sequence data can be accurately inferred in a phylogeny, given an adequate number of informative characters (Wiens, 2003; Pyron et al., 2011) .
Nucleotide substitution models selected by jModelTest and alternative models implemented in BI analyses are presented in Table 2 . The topologies of trees generated from MP, ML, and BI analyses of individual genes were mostly congruent; discrepancies were between weakly supported nodes and some rearrangements of the outgroup taxa in MP analyses. Partition homogeneity tests did not indicate significant conflict between data sets, and examination of trees generated from single-locus data sets revealed weak support among incongruent nodes. Consequently, various combinations of the data were analyzed (mtDNA data set [ND4; cyt b; ATPases 8 and 6], a nDNA data set [c-mos; EXPH5; RAG1], and a combined six-gene data set). Results of the mtDNA and six-gene data sets are nearly identical, which may be the result of bias caused by the more rapidly evolving and, hence, more variable mitochondrial genes (Wiens et al., 2010) .
The MP analysis of the mtDNA data set recovered six most parsimonious trees with 1921 steps (781 variable Tree topologies presented for the mtDNA and six-gene data sets (Figs. 3 and 4, respectively) are the best scoring trees found by RAxML (2ln L 5 211,173.68 and 2ln L 5 212,699.08, respectively). Posterior probability plots constructed with AWTY indicated that convergence of Bayesian MCMC searches was reached relatively quickly in all analyses (,20% of generations), so a conservative 25% of sampled generations were discarded and posterior probabilities were estimated from the remaining post-burn-in trees.
In the mtDNA and six-gene data sets (Figs. 3 and 4, respectively), C. molossus nigrescens was recovered at the base of a well-supported, monophyletic clade including C. basiliscus, C. totonacus, and C. m. molossus. However, the latter taxon was recovered as paraphyletic with deeply divergent eastern and western C. molossus lineages with strong support from both the mtDNA and six-gene data sets. The geographic distribution of clades within the divergent eastern and western C. molossus lineages is presented in Fig. 5 . Within the western lineage, the Madrean clade is inferred with strong support, and is geographically restricted to the northern extensions of the Sierra Madre Occidental, the Madrean Archipelago, and southern terminal ranges of the Rocky Mountains in southwestern New Mexico and southeastern Arizona. A second well-supported group within the western C. molossus lineage (the Sonoran clade) was recovered from populations in west-central Arizona. In the eastern C. molossus lineage, a well-supported basal divergence separates a clade in the western Chihuahuan Desert (the Chihuahuan clade) from two closely related clades occurring in the Big Bend region and the Stockton and Edwards plateaus (Bigbend and Stockton clades, respectively). Moderate to strong support for sister relationships between C. totonacus and the eastern C. molossus lineage, and C. basiliscus and the western C. m. molossus lineage were recovered in BI analyses, but MP and ML analyses recovered weak to moderate support for these relationships (,69%).
Genetic Divergence and Hypothesis Tests
In order to examine genetic diversity among populations of C. molossus, specimens were assigned to groups based on well-supported, geographically distinct clades indicated in the phylogenetic analyses . Uncorrected p-distances (Table 3) within and among clades of C. molossus are provided for the mtDNA, EXPH5, c-mos, and RAG1 data sets. The greatest mitochondrial divergence among lineages in the C. molossus group was between C. m. nigrescens and the Sonoran clade (9.2%). Distances ranging from 7.6% to 7.9% were observed between eastern and western C. m. molossus lineages. Divergence between the western lineage and C. basiliscus ranged from 7.3% to 8.1%, and a genetic divergence of 7.1-7.2% was recovered between C. totonacus and the eastern lineage. Divergences recovered from nDNA data sets are markedly lower; uncorrected p-distances calculated from EXPH5 were lowest between the Chihuahuan, Bigbend, and Stockton clades (0.36-0.57%) and greatest between the Stockton and Madrean clades (1.28%). Within-and among-clade divergences recovered from c-mos and RAG1 data sets ranged from 0% to 0.14% and 0% to 0.04%, respectively.
All analyses of the mtDNA and six-gene data sets recovered a paraphyletic C. m. molossus. In hypothesis tests, monophyly of this taxon was rejected for both the mtDNA (AU P 5 0.0004; SH P , 0.0001) and six-gene (AU P 5 0.00005; SH P , 0.0001) data sets.
Population and Geographic Structure Analyses
Estimates of genetic diversity and neutrality tests within populations are presented in Table 4 . The haplotype diversity (h 5 1.0) and nucleotide diversity (p 5 0.0516) among all individuals of C. basiliscus, C. totonacus, and all populations of C. molossus suggests that very little gene flow occurred between populations, and that the geographically defined clades identified herein likely evolved in allopatry. In the AMOVA (Table 5) well-supported clades recovered in the phylogenetic analyses (Figs. 3-4) .
Mismatch distributions were generated from well-sampled clades with the mtDNA data set, including the Madrean clade (western lineage) and the three clades from the eastern lineage. Mismatch distributions were also generated with c-mos, EXPH5, and RAG1 data sets for clades that had sufficient sample sizes (Fig. 6) . The mtDNA data set recovered multimodal distributions and nonsignificant raggedness indices for all four clades, indicating that the populations are stable or slowly declining (Rogers and Harpending, 1992) . Nonsignificant Fu's Fs tests (P . 0.02; Table 4 ) for the Madrean, Sonoran, and Stockton clades also support a hypothesis of selective neutrality and population stability. However, the significant Fu's Fs tests recovered from the Chihuahuan and Bigbend clades (P 5 0.004 and 0.018, respectively) suggest recent demographic expansion. This is also reflected in the lower (although not significant) raggedness indices recovered for these groups.
Haplotype networks constructed from mtDNA data for the eastern and western C. m. molossus lineages (Fig. 7) identified geographic variation within and among clades. In the eastern lineage, the three clades identified in phylogenetic analyses (Chihuahuan, Bigbend, and Stockton) are separated by 25 and 11 mutations, respectively. Two samples (Chih 6 and Chih 7) are separated from the remaining clade members by 79 mutations. These two samples, taken from Luna and Sierra counties in New Mexico, may represent another geographically distinct clade. The western lineage is separated from the eastern by 142 mutations. Within the western lineage, the Sonoran and Madrean clades are separated by 49 mutations. The haplotype network generated from EXPH5 sequence data ( among samples and suggests a degree of incomplete lineage sorting. However, one Sonoran haplotype (Son 1 and 2) is separated from a Madrean haplotype (Mad 2-4 and 6) by a single mutation. One sample collected near the holotype locality of C. molossus (Mad 7) is separated from the other Madrean haplotype and a Stockton haplotype (Stock 1 and 5) by one mutation. An eastern haplotype (representing Chihuahuan, Bigbend, and Stockton clades) is one mutation removed from the Madrean and Stockton haplotypes.
Divergence Dating
A mitochondrial data set consisting of cyt b and ND4 was used to estimate divergence dates in BEAST; data from ATPases 8 and 6 were not included in dating analyses because sequences were not available for C. basiliscus or C. totonacus. Estimated divergence dates (Fig. 8 ) suggest a basal diversification within the C. m. molossus group likely beginning in the Hemphilian of the late Miocene ,7.95 mya (95% Highest Posterior Density [HPD] 5 4.96-10.60 mya), and all clades were present by the mid-Pliocene. The mean age of the basal divergence between eastern and western C. m. molossus lineages (including their respective sister taxa) is estimated at ,6.53 mya (95% HPD 5 4.33-9.35 mya). Subsequent divergence between C. basiliscus and the western C. m. molossus lineage occurred during the late Miocene ,5.91 mya (95% HPD 5 3.41-7.89 mya). The initial divergence among western C. m. molossus clades occurred near the Pliocene-Pleistocene boundary ,2.34 mya (95% HPD 5 1.35-3.63 mya). Divergence between C. totonacus and the eastern lineage of C. m. molossus occurred in the early Pliocene (,5.34 mya; TABLE 3.-Uncorrected p-distances within (boldface) and among groups of Crotalus molossus, which are calculated from the combined mtDNA, EXPH5, c-mos, and RAG1 data set. Six lineages within the C. molossus group (the Chihuahuan, Bigbend, Stockton, Madrean, and Sonoran clades, and C. m. nigrescens), C. basiliscus, and C. totonacus were examined. Distances were not calculated for C. m. nigrescens, C. basiliscus, and C. totonacus for the EXPH5, c-mos, and RAG1 data sets because data were not available. (Table 6 ) did not identify any mensural characters that were significantly different between eastern and western C. m. molossus lineages in both males and females. However, several characters (TL, PFL, and PFW) recovered significant P-values in ANOVA and LPH recovered significant P-values in both ANOVA and ANCOVA for females. Univariate analyses of the meristic data indicated several characters that might be diagnostic when differentiating between eastern and western C. m. molossus lineages (Table 7) . Informative meristic characters are DBLOT, FDBLOT, DSRV, INAS, PFOV and LOR (P , 0.05). Statistically significant differences between eastern and western clades were not observed in any of the qualitative characters; 6 of 101 C. m. molossus (1 eastern C. m. molossus, 3 western C. m. molossus, and 2 C. m. nigrescens) specimens examined lacked a postrostral (POSTROST) scale, and 12 of 101 (2 eastern C. m. molossus, 4 western C. m. molossus, and 6 C. m. nigrescens) exhibited contact between the first supralabial and prenasal (PRE-SUP). Eigenvalues and principal component (PC) loadings for the first three principal components recorded from the PCA of meristic data are presented in Table 8 . Principal components analyses of regressed morphometric data (not shown) did not indicate any differences among lineages of the C. molossus group. However, principal components analyses of raw meristic data (Fig. 9 ) and standardized meristic data (not shown) indicated morphologically distinct eastern and western C. m. molossus lineages. Examination of PC loadings obtained from the raw data set indicated that PC1 reflects the number of ventral scales (VENT), and PC2 reflects the overall number of dorsal blotches (DBLOT) and the extent of fusion in the dorsal pattern (FDBLOT). The placement of the type specimen of C. molossus (USNM 485) in score plots for both the raw and standardized data sets suggests that this specimen was collected from the western lineage.
Taxonomy of Crotalus molossus.-The eastern lineage of C. m. molossus inferred by Wü ster et al. (2005) , and the present study is morphologically and genetically distinct from the western lineage. The phylogenetic analyses of this study recovered strongly supported, reciprocally monophyletic eastern and western C. m. molossus lineages. The uncorrected pairwise mtDNA divergence calculated between eastern and western lineages (7.6-7.9%) is comparable to or surpasses values reported between currently recognized rattlesnake species (e.g., C. atrox and C. ruber, 4.61%, Castoe et al., 2007 ; C. mitchellii and C. stephensi, 5.2-7.3%, Douglas et al., 2007; C. viridis and C. oreganus, 3.5-5.6%, Pook et al., 2000) . Monophyly of the C. molossus group was rejected by AU and SH tests. Populationlevel analyses indicated that the eastern and western lineages are separated by 142 mutations, and mismatch distributions and divergence estimates suggest that these clades are stable and have not been in contact since their divergence in the early Pliocene. Univariate statistical analyses identified distinct morphological character states between the lineages (dorsal blotches and the extent of fusion between anterior dorsal blotches, dorsal scale rows anterior to the vent, internasals, prefoveals, and loreals), and PC analyses of meristic data clearly delineated distinct eastern and western lineages. Given these substantial differences between the eastern and western lineages of C. m. molossus, we recognize each of them as a distinct species. We resurrect the name Crotalus ornatus Hallowell, 1854 and propose the standard English name, Ornate Blacktailed Rattlesnake for the eastern lineage.
Taxonomy of Crotalus molossus sensu stricto.-Baird and Girard (1853) described C. molossus from USNM 485, an adult male specimen collected from Fort Webster, Santa Rita Del Cobre mine, New Mexico. This locality is about 4.5 km northeast of the town of Bayard in Grant County, New Mexico, and seems to be at or near the biogeographical boundary that differentiates the eastern and western C. m. molossus lineages. Specimens collected from within 75 km north and 35 km west of this locality have been unequivocally identified as members of the western lineage. Two samples, one collected from ,62 km northeast and the other ,60 km southeast of the type locality, were recovered within the Baird and Girard (1853) reported a ground color of ''roll sulfur.'' Examination of live specimens, color photos in the UTEP collection, and published color plates Lamar, 1989, 2004; Beaman and Hayes, 2008) suggest that a ground color of pale to bright yellow is typical for the Madrean clade. However, Baird and Girard (1853) noted extensive fusion of anterior dorsal blotches, a character state common in the eastern lineage. Baird and Girard (1853) reported the following scale counts for the holotype: 2 frontals, 4 prefrontals, 2 internasals, 5 interoculabials, 18 supralabials, 17 infralabials, and 29 dorsal scale rows at midbody. These are consistent with the values that we recorded from USNM 485. In addition, we recorded 33 and 22 dorsal scale rows at the neck and anterior to the vent, respectively; 188 ventrals; 26 subcaudals; 6 intersupraoculars; no subfoveals; 13 prefoveals; and 5 loreals. This specimen is preserved as a skin with the head and tail attached and is in relatively good condition. However, the color pattern has faded somewhat and only 22 dorsal blotches (5 of them fused) are visible before the extent of fading obscures the color pattern at about the 135th ventral. The following measurements were recorded: tail length 5 62 mm, head length 5 43.1 mm, head width 5 35.6 mm. Baird and Girard (1853) did not report measurements in their description, and an accurate SVL could not be measured from the skin. However, an estimated SVL of ,77-83 cm for the holotype was obtained from mean values for ratios of head length to SVL and tail length to SVL for male specimens of C. m. molossus from this study. The SVL of the holotype in life would have been slightly larger because fluidpreserved specimens are known to experience distortion and shrinkage during preservation (Vervust et al., 2009 
Redescription of Crotalus ornatus
Holotype.-An adult female (USNM 486; Fig. 10 ) collected by A. Heermann, from a locality ''near Pecos River, N. W. Texas.'' The specimen was collected during the survey of a railroad route to the Pacific, led by Lieutenant Parke, US Topographical Engineer (collection date unknown).
Diagnosis.-Crotalus ornatus (Fig. 11 ) can be distinguished from most congeners by having (1) a medium-sized SVL (adults 70-100 cm, rarely to 130 cm SVL); (2) two large, triangular internasal scales; (3) two large prefrontals; (4) two large frontal scales; (5) 6-10 prefoveals; (6) 2-4 loreals; (7) two preoculars; (8) 
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HERPETOLOGICAL MONOGRAPHSlight medial spots longer than wide on anterior portion of body, becoming broader at midbody and separating dorsal blotches; (19) medial spots often become indistinguishable from ground color on posterior one-quarter of body; (20) two white or light grey, irregular paravertebral spots present within each dorsal blotch, usually separated by 1-6 dorsal scale rows on anterior portion of body, but darken slightly and grow to extend across midline of dorsum to fill interior of dorsal blotches on posterior half of body; (21) tail black or dark brown with faint crossbands sometimes visible; (22) proximal rattle segment black or dark brown (Tables  6-7) .
Comparisons.-Crotalus ornatus is unique among C. molossus lineages in having 4-11 prefoveals; 2-7 loreals; a ground color of gray, olive-green, olive-brown, or tan; 22-33 rhombic dorsal blotches, each separated by a light gray, white, or pale yellow medial spot; and anterior 6-10 dorsal blotches connected by 1-3 scale rows, often resembling paravertebral stripes or a thick dorsal stripe surrounding light medial spots. Crotalus ornatus most closely resembles C. molossus sensu stricto, but can be distinguished from the latter taxon by its lower average scale counts (P , 0.001) for prefoveals (8 vs. 10 ) and loreals (3 vs. 4), fewer dorsal blotches (29 vs. 32), and a dorsal blotch pattern where the first 6-10 dorsal blotches are almost always connected (dorsal blotches are almost always separated by a light medial spot in C. molossus sensu stricto). Crotalus ornatus can be distinguished from C. m. nigrescens and C. m. oaxacus by having a higher number of dorsal scale rows at midbody (27 vs. 25); a higher number of ventrals (up to 205 in females vs. 187 in C. m. nigrescens and fewer in C. m. oaxacus; Klauber, 1972) ; dark pigmentation on the head restricted to the internasal-prefrontal area, with thin (1 scale row wide), sometimes ornate lines on the occipital and parietal regions (extensive pigmentation often covers most of the head of the latter two lineages); and light medial and paravertebral spots in the dorsal pattern (usually absent in the latter two taxa). In C. m. oaxacus, it is common for adults to retain black and white tail rings that are typical in juveniles of the C. molossus group Lamar, 1989, 2004) , but this character does not persist to adulthood in C. ornatus.
Crotalus ornatus is most easily distinguished from C. estebanensis by geographic distribution; the former is widespread throughout most of the Chihuahuan Desert, whereas the latter is an insular endemic in the Gulf of California. Morphologically, C. ornatus differs from C. estebanensis in having relatively dark dorsal blotches that boldly contrast with the ground color (dorsal blotches are paler and the pattern is moderately contrasting with the ground color in C. estebanensis), and dark pigmentation on the head in the internasal-prefrontal area (absent in C. estebanensis ; Grismer, 1999; Campbell and Lamar, 2004) . Klauber (1949) noted longitudinal and transverse compression of the rattle of C. estebanensis, which is a unique character among members of the C. molossus group, including C. ornatus.
Crotalus ornatus differs from C. totonacus in being smaller (rarely to 130 cm vs. commonly exceeding 150 cm); in having a larger number of intersupraoculars (5 vs. 1 or 2), prefoveals (8 vs. 3 or 4) , supralabials (17 vs.14), and infralabials (17 vs. 15); in having an anterior dorsal pattern of interconnected but usually distinct dorsal blotches (paravertebral stripes [usually without distinct blotches] on the neck transition into an intricate pattern on the head in C. totonacus); and by the lack of a vertebral ridge (relatively well-developed in C. totonacus; Campbell and Lamar, 2004) .
Description of the holotype.-Rostral about as high as wide; internasals (2) large and triangular, in contact medially, anterior medial portion contacts apex of rostral; prefrontals (2) large and roughly square, in contact medially, anterior edge broadly contacts prenasal and partially contacts postnasal scale; frontals (2) large and roughly square, anterior in broad contact with prefrontals, mostly in contact medially, but separated anteriorly by a single small scale, posterior border rounded and followed by intersupraoculars (7); prenasal large and rectangular, upper edge in broad contact with internasal and partial contact with postnasal, anterior portion broadly contacts rostral; postnasal irregular, surrounds upper, lower, and posterior borders of nostril; loreals (3) prevent contact between postnasal and preoculars; postsupraloreal (canthal) roughly square and in contact with supraloreal, upper preocular, supraocular (see remarks), and prefrontal; supraloreal round, in contact with postsupraloreal, upper and lower preoculars, infraloreal, postrostral, and prefrontal; infraloreal irregular, in contact with supraloreal, lower preocular, upper lacunal, two upper prefoveals, and postnasal; preoculars (2) in contact with supraocular, loreals, and upper lacunal (see remarks); prefoveals (9), the largest anterior scale in broad contact with rostral and together with second prefoveal prevents contact between prenasal and first supralabial; lacunals (3) are partially visible on exterior margin of loreal pit; supralabials (18) separated from prenasal, postnasal, and infraloreal by prefoveals, fourth and fifth in contact with lower lacunal scale; 17 infralabials; dorsal scale rows are 33/27/20; ventrals are 194 and subcaudals 19.
Measurements of the holotype.-The holotype is an adult female; Hallowell (1854) reported the following measurements: body length 5 41 inches (,104 cm); tail length 5 2 in. (,51 mm) ; head length 5 1.75 in. (,45 mm) ; and head width 5 1.5 in. (,38 mm) . Reexamination of the specimen recovered the following measurements: tail length 5 48 mm; head length 5 46.1 mm; head width 5 32.4 mm (see remarks); and interocular distance 5 14.2 mm. Because the specimen is preserved as a skin with the head and tail attached, SVL could not be accurately measured (see remarks).
Coloration of the holotype.-Dorsum of head grayish and beige with brown and tan pigment in the internasal-prefrontal area and some brown flecking on scales of the anterior occipital region; dorsum of body gray with 24 brown, rhomboid dorsal blotches, seven (anterior) connected by one or more scale rows; medial spots off-white, anterior spots roughly as long as wide, but becoming wider at midbody; paravertebral spots gray, distinct on anterior half of body, but expand and connect dorsally to fill interior of dorsal blotches by midbody; tail and proximal rattle segment black; gular area lacking dark pigmentation, but with beige or yellowish coloration; venter mostly off-white or yellow with slight mottling at midbody, which becomes more extensive posteriorly; ventral surface of tail dark gray.
Distribution.-With the exception of populations occupying the Edward's Plateau of central Texas, the northern Chihuahuan Desert defines the geographic distribution of C. ornatus. Meristic analyses of specimens from northern Mexico suggest that C. ornatus is present as far south as central Coahuila, Mexico in the mountains of the Cuatro Cié negas Basin. The southern border for the lineage is unclear with available data. However, records for C. m. nigrescens (Klauber, 1972; Campbell and Lamar, 2004) suggest that the distribution of C. ornatus likely terminates near southern Coahuila. Numerous authors have suggested a biogeographical barrier in northern Durango and southern Coahuila to explain divergences between species in the northern and southern Chihuahuan Desert (e.g., Baker, 1956; Peterson, 1976; Hafner et al., 2008) . In this region, the Río Nazas flows from its source in the Sierra Madre Occidental of north-central Durango and terminates in the Laguna de Mayrán (Conant, 1963) , part of an arid bolson known as the Parras Basin that transects southern Coahuila (Krutak, 1967) . The Parras Basin is bordered by extensions of the Sierra Madre Oriental to the south and the Coahuila Peninsula and Coahuila Marginal Folded Belt to the north (Krutak, 1967) . Baker (1956) suggested that the Southern Coahuila Filter Barrier is defined by the Río Nazas, Parras Basin, and the mountain ranges south of the basin. The arid bolson of this barrier would present a formidable obstacle for any montane or semimontane species, and is likely the southern boundary for C. ornatus. However, montane corridors may allow contact with C. m. nigrescens in southeastern Coahuila and western Nuevo Leó n. Gloyd (1940) suggested a zone of intergradation near Galeana, Nuevo Leó n, Mexico, which is well outside of the most recently recognized range of C. m. molossus.
The geographic boundaries of C. ornatus in the Mexican state of Chihuahua are less clear. In the absence of a biogeographic barrier in this area, it may be informative to discuss the distribution of C. ornatus with respect to C. m. nigrescens. Tanner (1985) suggested that C. m. molossus occurs through most of Chihuahua, and that a wide area of intergradation with C. m. nigrescens occurs in northern Durango and southern Chihuahua. Possible C. m. molossus 3 C. m. nigrescens hybrids reported from northeastern Durango near the town of Pedriceñ a (Fouquette and Rossman, 1963) and southwest Chihuahua, near Samachique (Gloyd, 1940) seem to support this. Conversely, Klauber (1972) indicated the presence of C. m. nigrescens in central Chihuahua and proposed a zone of intergradation along the entire southern boundary of C. m. molossus. Likewise, Campbell and Lamar (2004) indicated a substantial incursion of C. m. nigrescens into west-central Chihuahua, but did not discuss introgression. Three specimens, (UTA R-17837-38 and UTEP 3052) seem to extend the range of C. m. nigrescens to the Sierra del Nido, ,75 km northwest of Ciudad Chihuahua. The Sierra Madre Occidental and Oriental are well-known corridors for dispersal from southern Mexico, and the presence of C. m. nigrescens in the Sierra Madre of central Chihuahua is not unexpected. Unfortunately, the lack of taxonomic attention received by the C. molossus group has resulted in a failure to recognize distinct species, with a concomitant lack of resolution of the geographic distribution of distinct lineages. Further sampling through central and southern Chihuahua is needed to accurately define the geographic distributions of lineages within the C. molossus group.
Extensive sampling from localities throughout the range of the Black-tailed Rattlesnake in the United States has allowed a much clearer biogeographical picture of C. ornatus north of Mexico. The mountain ranges associated with the southeastern Colorado Plateau in New Mexico represent the northwestern limits of the lineage. From there, it is distributed throughout the mountain ranges of southern New Mexico and western Texas. In the United States, C. ornatus occupies two of the biotic provinces recognized by Blair (1949) , the Chihuahuan and the Balconian. The Chihuahuan province is characterized by the basin-and-range topography that is typical of the northern Chihuahuan Desert, and encompasses south-central New Mexico, Texas (west of the Pecos River), eastern Chihuahua, and central Coahuila, Mexico. The Edwards Plateau or Balcones Escarpment of central Texas defines the Balconian Province (Werler and Dixon, 2000) . The eastern boundary of the species extends out of the Chihuahuan Province to include the limestone canyons of the southern and eastern Edwards Plateau (Werler and Dixon, 2000; Campbell and Lamar, 2004) . Populations on the Edwards Plateau are apparently disjunct from the populations of the adjacent Stockton Plateau and Chihuahuan Province (Werler and Dixon, 2000; Campbell and Lamar, 2004 Hallowell. McDiarmid et al. (1999) gives the type locality as ''between El Paso and San Antonio, Pecos River, Texas,'' which differs from the original description and restricts the locality to somewhere on the Pecos River in Texas, as opposed to the subjective reference of proximity to the Pecos River given by Hallowell. If USNM 486 were collected from a locality on the Pecos River, the type locality could be restricted to five counties (Crane, Crocket, Pecos, Terrell, and Val Verde) , which lie within the distribution of C. ornatus and border the Pecos River in Texas (Werler and Dixon, 2000; Campbell and Lamar, 2004) .
The holotype specimen is preserved as a skin with the head and tail attached, and the overall condition of the specimen is fair. However, several characters could not be confidently assessed. Examination of the dorsal pattern revealed 20 dorsal blotches before the pattern was lost to fading on the posterior one-quarter of the body. The original description reported 17 blotches, but this did not include the 7 fused anterior dorsal blotches. Damage to scales on the head prevented accurate measurement of upper and lower preoculars, supraoculars, and prefrontals. Damage to the supraoculars makes it difficult to determine whether the upper loreal makes partial contact with the frontal. Because of distortion of the head and skin around the eye, the postoculars, suboculars, and interoculabials could not be assessed. The condition of the head suggests that it has been laterally compressed or had become dehydrated after preservation, causing disproportionate lateral shrinkage. Given the method of preservation of the specimen and the measurements reported by Hallowell (1854) , a confident measurement of SVL could not be obtained. However, estimates of SVL (based on ratios of TL to SVL and HL to SVL) range from 74 cm to 100 cm for the specimen. The 26-cm discrepancy among estimates seems to be the result of the specimen's exceptionally short tail, only 4.9% of the SVL calculated from the measurements provided in Hallowell (1854; 5.2% if Hallowell's measurement of body length included the tail) compared with 6.5% calculated from specimens examined in the present study. Based on examination of the specimen, we are confident in designating the specimen as an adult female with a SVL greater than ,80 cm.
DISCUSSION
Phylogeny and Taxonomic Status of
Crotalus molossus This study represents the most comprehensive phylogenetic analysis of any member of the C. molossus group. Five major lineages associated with the C. molossus group were recovered (C. m. nigrescens, C. basiliscus, C. totonacus, eastern C. m. molossus [recognized herein as C. ornatus], and western C. m. molossus [C. molossus sensus stricto]). Crotalus ornatus is confined to the vicinity of the northern Chihuahuan Desert, occupying a region from south-central New Mexico through south-central Texas and adjacent Mexican states, whereas C. molossus sensu stricto occupies a range that is roughly equivalent to the Sonoran Desert east of the Colorado River. Despite the presence of both lineages in the southern ranges of the Rocky Mountains and the Madrean Archipelago, these two lineages are not sister taxa and do not seem to have been in contact with each other since their initial divergence 6.53 mya. The phylogenetic patterns recovered herein corroborate the polyphyly of C. m. molossus recovered by Wü ster et al. (2005) . However, divergence dates estimated for the group are markedly younger than those recovered in the former study. This discrepancy may reflect the choice of fossil calibrations or the methods used to estimate divergence dates (Wü ster et al., 2005, used Langley-Fitch and penalized likelihood methods).
The well-supported and geographically defined lineages inferred herein demonstrate discordance between the current taxonomy of the C. molossus group and its true diversity. Since the initial description of C. molossus by Baird and Girard (1853) , only two authors have attempted to reclassify the species. Garman (1884) attempted to reclassify C. molossus as a variant of C. basiliscus, and Boulenger (1896) assigned the name C. terrificus to a group of rattlesnakes (C. basiliscus, C. durissus, and C. molossus); most recently the epithet terrificus has been associated with a lineage of C. durissus (C. d. terrificus Laurenti, 1768) occurring in southern and western Brazil, Bolivia, extreme southeastern Peru, Paraguay, Uruguay, and Argentina (Campbell and Lamar, 2004) . Only one species (C. ornatus, Hallowell, 1854) has been synonymized with C. molossus. Hallowell (1854) described C. ornatus from USNM 486, a specimen collected near the Pecos River in Texas. Hallowell gives no further locality data, but any locality in the state of Texas will unequivocally lie within the distribution of the eastern lineage of C. m. molossus inferred in this study. Additionally, Hallowell's description is consistent with character states exhibited by the eastern lineage of C. m. molossus.
We prefer not to formally propose reclassification of the lineages C. m. nigrescens and C. m. oaxacus, because no specimens of the latter and only two specimens of the former lineage were available for molecular analyses. However, C. m. nigrescens is consistently inferred as the basal member of a group that includes C. basiliscus, C. totonacus, and the remaining C. molossus group. It is logical that the subspecific epithet nigrescens will be elevated to full species and applied to all representatives of C. molossus occurring south of ,25uN latitude. Additionally, some morphological overlap exists between specimens designated as C. m. nigrescens, C. molossus sensu stricto, and C. ornatus. However, this overlap may be the result of failure to identify intergrades or properly assign specimens. In his description of C. m. nigrescens, Gloyd (1936) discussed a number of characters (not examined in the present study) that seem to hold true for this lineage, including head coloration and the extent of dark pigmentation anterior to the vent. The true phylogenetic position of C. m. oaxacus was not examined in the present study and remains poorly understood. Wü ster et al. (2005) recovered C. m. oaxacus as sister to a clade containing C. basiliscus and C. molossus sensu stricto with weak support, and Campbell and Lamar (1989) attributed previous taxonomic confusion to plesiomorphic characters that C. m. oaxacus shares with C. basiliscus. Extensive sampling throughout the range of C. molossus sensu lato is needed to clearly define geographical boundaries and assess its diversity.
Biogeography of Crotalus molossus and
Crotalus ornatus Phylogenetic analyses of the mtDNA and six-gene data sets have revealed biogeographic structure, with three well-supported clades in the eastern lineage (Figs. 3-4) . The two specimens representing the apparently disjunct Edwards Plateau population (UTEP 17515 and 17520) are grouped with strong support in all analyses, but they are nested within the Stockton clade, which is strongly supported as the sister group to the Bigbend clade. Within the Bigbend clade, specimens from the western and northern Big Bend region (northern Brewster County, central Presidio County, and Jeff Davis County) are grouped with strong support. A genetic divergence of 1.2% corresponding to an estimated divergence date of 1.04 mya was identified between specimens from the Bigbend clade and those occurring at the Indio Mountains Research Station (IMRS), a lower elevation extension of the Eagle Mountains in extreme southeastern Hudspeth County, Texas. This suggests the area between these localities may represent a previously unaddressed barrier between populations of montane and semimontane species. The IMRS is separated from the Bigbend specimens by a swath of desert grassland stretching from the New Mexico border near Dell City, Texas through the towns of Van Horn and Marfa, Texas to the south. South of Van Horn, in western Jeff Davis County and north-central Presidio County, the grassland becomes a wide valley bordered by the Sierra Vieja and Van Horn mountains to the west. East of these mountain ranges, the arid grassland (the Marfa Plains) gains slightly in elevation over 30 km, before reaching the Davis Mountains. The Marfa Plains continue southeast from the town of Marfa, slightly past the Brewster County line. Though not particularly low in elevation, the Marfa Plains are 400-600 m lower than the adjacent mountain ranges and offer no obvious refuge for dispersing montane species. In central Presidio County, a chain of disjunct mountain ranges funnels the arid grassland into a few narrow corridors that connect to the Presidio and Redford bolsons. These adjoining bolsons form a low valley more than 25 km wide, which follows the Rio Grande for about 100 km from the town of Candeleria, Texas to the foothills south of the Bofecillos Mountains (Mraz and Keller, 1980) . Together, the Marfa Plains and Presidio Bolson seem to represent a recent biogeographic barrier for C. ornatus.
Crotalus molossus sensu stricto seems to reach its southern boundary near the Yaqui River (at about 28uN latitude) in the state of Sonora, Mexico. From there, the lineage occurs through the Sonoran Desert. Specimens examined from Isla Tiburó n, off the central coast of Sonora, Mexico, are characteristic of specimens inferred in the western lineage by phylogenetic analyses. Morphological and molecular data indicate that populations from the Sierra San Luis of northwestern Chihuahua, Mexico, and the Madrean Archipelago of southwestern New Mexico represent the eastern boundary of the lineage. Presumably, the western lineage is present through the Sierra Madre Occidental south of the Sierra San Luis from extreme western Chihuahua through most of Sonora, Mexico.
Geographic structure is evident among populations of southeastern Arizona and southwestern New Mexico (Madrean clade) and west-central Arizona (Sonoran clade); the basal divergence among these clades occurred near the Pliocene-Pleistocene boundary ,2.34 mya and is represented by marked genetic divergence (3.6%). The estimated divergence date is consistent with the argument by Phillips and Comus (2000) , who suggested that patterns of diversity and endemism among Sonoran Desert plant assemblages indicated the formation of the Sonoran Desert at the Pliocene-Pleistocene boundary. Furthermore, this timescale is similar to that inferred by Douglas et al. (2010) for the basal diversification within the Gila Monster (Heloderma suspectum). Niche conservatism and the likely origin of the C. molossus group in the subtropical Sierra Madre Occidental (implied by the current distribution of the basal lineage of the group) of the late Miocene may have resulted in biogeographic patterns triggered by the onset of aridification in the Sonoran Desert at the Pliocene-Pleistocene boundary. However, only four samples from the Sonoran clade were included in this study, and there are no available samples representing populations between the Sonoran and Madrean clades. In contrast, the Madrean clade is well-represented by samples from the mountains of southeastern Arizona and southwestern New Mexico. The basal divergence in this clade is estimated at the mid-Pleistocene (,0.50 mya), a common pattern within species occurring near the Cochise Filter Barrier (see examples below).
The Crotalus molossus Group at the Cochise Filter Barrier A narrow desert corridor that allows the exchange of taxa between the Sonoran and Chihuahuan deserts defines the Cochise Filter Barrier (CFB). The specific physical barrier of the CFB is poorly defined and lacks any geographical features that could be construed as an impediment to dispersal. Consequently, the term is generally applied to the lower elevation passes over the Western Continental Divide in southwestern New Mexico (Riddle and Hafner, 2006; Castoe et al., 2007; Pyron and Burbrink, 2010) . Some authors (e.g., Riddle and Hafner, 2006; Wilson and Pitts, 2010a) have treated the CFB as a region encompassing a relatively large area consisting of the Madrean Archipelago of southeastern Arizona and the Deming Plains, which is a swath of desert grassland extending from the Arizona-New Mexico border to the Rio Grande in southern New Mexico. This approach may be more appropriate given the prevalence of lineage spillover; ,33% of taxa examined by Pyron and Burbrink (2010) had representatives on both sides of the Western Continental Divide. Furthermore, many of the taxa with divergences that could be associated with the CFB have ranges that are not constrained by the Western Continental Divide, but they remain in the vicinity of the CFB (e.g., Jaeger et al., 2005; Castoe et al., 2007; Mulcahy, 2008) .
In this region, C. ornatus is present in the Cook's Range, the Mimbres Mountains, and the eastern slopes of the Black Range in south-central New Mexico. Crotalus molossus sensu stricto is present in the Madrean Archipelago of southwestern New Mexico, the Mogollon Mountains, and the Pinos Altos Range north of the Deming Planes. The wide swaths of desert grassland that currently provide corridors between Sonoran and Chihuahuan habitats likely prevent dispersal between many of the mountain ranges occupied by C. molossus and C. ornatus in this region. However, mountain ranges that define the northern border of the Deming Planes (Mogollon, Pinos Altos, Mimbres, and Black Range) seem relatively well-connected and might allow contact between lineages. In this region, the Mimbres River and western continental divide north of the Mimbres Valley seem to represent the only potential barrier that may explain the apparent lack of introgression between C. ornatus and C. molossus.
Following the last major glaciation of North America, the CFB and associated region began a period of aridification, resulting in a transformation from mesic woodlands to the modern desert grassland habitat (Morafka, 1977) . Similar climatic events have occurred across the CFB following each major North American glaciation and a number of taxa underwent recent divergences at the CFB that may be attributable to these events (e.g., Callipepla, Zink and Blackwell, 1998; Crotalus atrox, Castoe et al., 2007 ; Lampropeltis getula complex, Pyron and Burbrink, 2009 ; Sceloporus magister complex, Leaché and Mulcahy, 2008) . Presumably, these divergences are the result of aridification beginning at the Pliocene-Pleistocene boundary and subsequent Pleistocene glaciation events that forced desert-adapted taxa into refugia on either side of the CFB (Pyron and Burbrink, 2010) . This hypothesis fits desert-adapted species well, and Pleistocene refugia are a likely explanation for post-Pliocene lineage divergence in the region. However, at least two recent studies have demonstrated deeper divergences and species boundaries at the CFB (e.g., Dilophotopsis sp., Wilson and Pitts, 2010b ; Hypsiglena torquata species complex, Mulcahy, 2008) . These relatively deep divergences are more likely the result of orogenic activity of the Sierra Madre Occidental and Rocky Mountains, which peaked in the midto late Miocene (Morafka, 1977; Wilson and Pitts, 2010a) . Some authors have suggested that Neogene uplift of the area was minor and that the deep divergences reported for these taxa are the result of glaciation events occurring as early as 9 mya (see Wilson and Pitts, 2010a and references therein). Regardless, the C. molossus group exhibits a deep divergence that seems to correspond well to the CFB and the Western Continental Divide. Indeed, the estimated mean divergence date of 6.53 mya between eastern and western C. m. molossus lineages (inclusive of their respective sister taxa C. basiliscus and C. totonacus) and the basal divergence of 7.95 mya for the C. molossus group supports the idea of a Neogene vicariance event at the Sierra Madre Occidental.
Introgression and Incomplete Lineage Sorting
Hybridization is a common event among rattlesnakes, and C. molossus is no exception. This study revealed a hybrid event between C. atrox and C. molossus (Figs. 3-4) ; the specimen (Mad 7, UTEP 20155) was collected in the town of Bayard, New Mexico and has no morphological characteristics distinguishing it as C. atrox. However, analyses of the mtDNA and six-gene data sets inferred this specimen as C. atrox, whereas analysis of the combined nDNA data set (not shown) recovered it as C. molossus sensu stricto. Several accounts describe hybridization between members of the C. molossus group and allies, including C. m. molossus 3 C. m. nigrescens (Gloyd, 1940; Fouquette and Rossman, 1963; Tanner, 1985) , C. molossus 3 C. basiliscus, and C. molossus 3 C. totonacus (Campbell and Lamar, 2004) . The Black-tailed Rattlesnake is a montane generalist and is largely considered to be a semimontane species, but specimens have been recorded from sand dunes and creosote flats (Armstrong and Murphy, 1979; Beck, 1991) , suggesting that members of the C. molossus group are capable of dispersing between populations, which are usually associated with mountains or foothills. At the CFB north of the Deming Planes, there are no distinct features that would prevent contact between C. molossus sensu stricto and C. ornatus, and it would not be unexpected to find patterns of mitochondrial introgression similar to that reported between Sceloporus cowlesi and S. tristichus (Leaché , 2009) . These nonsister mtDNA lineages of the S. undulatus species group seem to occupy generally similar habitats in adjacent ranges. In this case, the latter author sampled a known hybrid zone and was able to demonstrate discordance between the mtDNA data and his multilocus nuclear data set that was attributed to introgression. Although there seems to be a propensity for introgression in the C. molossus group, as recorded herein between C. atrox and C. molossus sensu stricto and by previous studies, mtDNA introgression was not evident between our samples of C. ornatus and C. molossus sensu stricto.
Independent analyses of the nuclear loci included in this study revealed extensive incomplete lineage sorting in the genus Crotalus. In general, introgression and incomplete lineage sorting can be readily distinguished by the pattern of incongruence. In most cases of introgression, the incongruence among lineages occurs at geographic clade boundaries (e.g., Leaché , 2009 ). Incongruence resulting from incomplete lineage sorting is usually stochastic with respect to phylogeographic and taxonomic boundaries (McGuire et al., 2007) . Phylogenetic inference of the EXPH5 data set (not shown) indicated random placement of Crotalus specimens, suggesting the presence of shared ancestral polymorphisms. This is not uncommon, especially among lineages that are weakly supported or have undergone rapid diversification (Wiens et al., 2010) . In general, the New World Crotalinae is noted for its rapid diversification beginning 17-22 Ma, ultimately resulting in ,117 extant species (Wü ster et al., 2008; Castoe et al., 2009 ); this presents a speciation interval roughly half that of the Viperidae as a whole (Wü ster et al., 2008) . The handful of studies that have utilized nDNA markers to investigate relationships among pitvipers have used introns to address large-scale relationships among Asian species and questions regarding the sister taxon to the American Crotalinae (e.g., Creer et al., 2003 Creer et al., , 2005 Creer et al., , 2006 Malhotra et al., 2010) . These studies did not indicate incongruence among trees inferred from nuclear intron data sets. Recently Kubatko et al. (2011) employed a data set of 18 nuclear introns to examine relationships within the genus Sistrurus; the authors recovered weak phylogenetic signal (similar to the nuclear genes used herein) from some of the nuclear loci that they examined, whereas others provided a phylogenetic signal similar to mitochondrial markers. It is likely that the inherent selective pressures and rate heterogeneity associated with portions of the coding genes examined herein have not allowed lineage sorting among the rattlesnakes to reach completion.
Conclusions and Future Directions
This study revealed that the diversity of C. molossus has been underestimated for .150 yr. Five lineages were recovered in association with the C. molossus group. Three were previously assigned to C. molossus and one of these had no current taxonomic recognition. Diversification within the C. molossus group seems to be associated with the uplift of the Sierra Madre Occidental beginning in the late Miocene and continuing to the Pliocene. The resulting lineages are well-supported in the inferred phylogenies and should be recognized as discrete taxonomic entities under the oldest available name. The western lineage should retain the present taxonomic designation C. molossus. The previously synonymized name C. ornatus is resurrected for the eastern lineage. Further study is needed for the currently recognized subspecies C. m. nigrescens and C. m. oaxacus.
The results of this study raise several questions regarding the diversity of the C. molossus group. Future effort should be focused on defining the phylogeographic boundaries throughout Mexico. The phylogenetic relationships between C. basiliscus, C. m. nigrescens, and C. m. oaxacus are still poorly defined. A greater sample size will provide better resolution for these relationships and will allow future researchers to investigate the evolutionary processes that have shaped the C. molossus group.
APPENDIX I
Continued. 
